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(54) GaN group crystal base member having low dislocation density, use thereof and 
manufacturing methods thereof 



(57) A GaN group crystal base member comprising 
a base substrate, a mask layer partially covering the 
surface of said base substrate to give a masked region, 
and a GaN group crystal layer grown thereon to cover 
the mask layer, which is partially in direct contact with 
the non-masked region of the base substrate, use 
thereof for a semiconductor element, manufacturing 
methods thereof and a method for controlling a disloca- 
tion line. The manufacturing method of the present 
invention is capable of making a part in the GaN group 
crystal layer, which is above a masked region or non- 
masked region, have a low dislocation density. 



FUG. 1 (a) 

dislocation 
lines 11 




Primed by Xerox (UK) Business Services 
2.16.3/3 4 



BNSDOCID: <EP_ 



_0874405A2_L> 



BEST AVAILABLE COPY 



1 



EP 0 874 405 A2 



2 



Description 

FIELD OF THE INVENTION 

The present invention relates to a GaN (gallium 5 
nitride) group crystal base member, use thereof (e.g., 
semiconductor light emitting element), and manufactur- 
ing methods thereof. 

BACKGROUND OF THE INVENTION w 

A conventional method for crystal growth of a GaN 
semiconductor material to give a thick film generally 
comprises forming a buffer layer of ZnO and the like on 
a sapphire substrate and growing a GaN semiconductor 
material by an HVPE method. An improved technique 
thereof involves the use of a substrate such as one 
made from spinel, LGO, LAO, ZnO, SiC and the like or a 
substrate showing easy cleavage performance, instead 
of the sapphire substrate. 

However, the crystal growth of a GaN semiconduc- 
tor material to give a thick film results in tremendous 
amounts of stress applied on the interface between 
GaN and sapphire substrate due to different lattice con- 
stants and coefficients of thermal expansion, which in 
turn leads to a problem in that GaN is broken and a 
bulky substrate cannot be obtained. In addition, this 
method produces only a substrate having an extremely 
great dislocation density (e.g., 1 xio 9 cm" 2 - 1x10 10 cm" 
2 ). By dislocation is meant here a defect that occurs 
when a semiconductor layer is grown on a substrate 
under a lattice mismatch. The dislocation thus created 
advances upward along with the growth of the crystal 
layer and passes through an active layer to form a con- 
tinuous defective portion called a dislocation line (con- 
tinuous dislocation). Inasmuch as this dislocation is a 
crystal defect, it acts as a non-radiative recombination 
center or as a path of a current to ultimately induce cur- 
rent leakage when such GaN semiconductor material is 
used for a light emitting element, which in turn degrades 
light emitting performance and shortens the service life. 

It is therefore an object of the present invention to 
provide a GaN group crystal base member having a low 
dislocation density. 

Another object of the present invention is to provide 
use of the aforementioned GaN group crystal base 
member. 

Yet another object of the present invention is to pro- 
vide a method for producing the aforementioned GaN 
group crystal base member and a method for producing 
a light emitting element which is one use thereof. 

SUMMARY OF THE INVENTION 

The GaN group crystal base member of the present 
invention comprises a base substrate, a mask layer par- 
tially covering the surface of said base substrate, and a 
GaN group crystal layer which is grown thereon to cover 



the above-mentioned mask layer and which is partially 
in direct contact with the non-masked region of the base 
substrate. Said base substrate allows growth of a GaN 
group crystal in the C axis orientation as the thickness 
direction, and the mask layer is made from a material 
substantially free from GaN group crystal growth. 

The base substrate partially covered with a mask 
layer is hereinafter simply called a "substrate for growth" 
to mean a substrate used to grow a GaN group crystal. 
The GaN group crystal layer grows from the non- 
masked region of the substrate for growth as the start- 
ing point until it covers the mask layer, whereby a GaN 
group crystal base member comprising the base sub- 
strate, mask layer and GaN group crystal layer is pro- 
vided. 

The method for manufacturing the GaN group crys- 
tal base member of the present invention comprises 
partially covering the surface of the base substrate with 
a mask layer made from a material substantially free 
from crystal growth, and then growing a GaN group 
crystal layer from the non-masked region on the base 
substrate surface as the starting point to a thickness 
sufficient to cover said mask layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1(a), (b) are sectional views of the GaN group 
crystal base member of the present invention and its 
state during the ongoing growth. 

Fig. 2 shows one embodiment of the mask layer 
pattern used in the present invention. 

Fig. 3 is a sectional view of a conventional GaN 
group crystal base member. 

Fig. 4 is a sectional view of another embodiment of 
the GaN group crystal base member of the present 
invention. 

Fig. 5 (a), (b) show one embodiment of the sub- 
strate for growth to be used in the present invention. 

Fig. 6 shows one embodiment of the substrate for 
growth to be used in the present invention and the 
arrangement pattern of the openings on the mask layer. 

Fig. 7 shows the effect of the arrangement pattern 
of the openings in the present invention. 

Fig. 8 (a), (b) show the growth of the crystal in the 
transverse direction from the openings in the present 
invention, wherein Fig. 8(a) shows the growth of a GaN 
group crystal in the transverse direction from one 
square opening (two-dot chain line) shown in Fig. 1 and 
Fig. 8(b) shows merger of GaN group crystals from four 
directions into one. 

Fig. 9 (a), (b) show the production steps of a GaN 
group light emitting diode using the substrate for growth 
of the present invention. 

Fig. 10 (a), (b) show examples of the width of the ' 
55 element and the width of the active part thereof. 

Fig. 11 is a perspective view showing the GaN 
group stripe lasers during production using the sub- 
strate for growth of the present invention, wherein the 
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dotted lines on the both ends of the drawing are break 
lines and electrodes are omitted. 

Fig. 12 (a) - (c) show a method for controlling the 
dislocation line according to the present invention and 
one embodiment of the manufacturing method of the 
GaN group crystal base member of the present inven- 
tion. 

Fig. 13 (a) - (c) show another method for controlling 
the dislocation line according to the present invention 
and another embodiment of the manufacturing method 
of the GaN group crystal base member of the present 
invention. 

Fig. 14 shows one embodiment of the GaN group 
light emitting element obtained by the method of Fig. 12. 

Fig. 15 shows one embodiment ol the GaN group 
light emitting element obtained by the method of Fig. 13. 

Fig. 16 shows one embodiment of the structure of 
the GaN group crystal base member obtained by the 
manufacturing method of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In the present specification, when the lattice plane 
of a crystal having a hexagonal system, such as GaN 
group crystal and sapphire substrate, is indicated by 
four Miller indices (h. k. i, I) and the index is in the nega- 
tive, a minus symbol is put in front of the index. Other 
than the minus symbol indication, the widely accepted 
indication of Miller indices will be employed. In the case 
of GaN group crystals, for example, there are six prism 
planes (specific planes) parallel to the C axis. One of 
them is indicated as (1-100), and when the six planes 
are to be equivalently indicated, the symbol {1-100} will 
be used. The planes perpendicular to the above-men- 
tioned {1 -1 00} plane and parallel to the C axis are equiv- 
alently designated as {11-20}. The orientation 
perpendicular to the (1-100) plane is designated as [1- 
100] and the orientation collectively equivalent thereto 
is designated as (1-100). The orientation perpendicular 
to the (11-20) plane is designated as [11-20] and the 
orientation collectively equivalent thereto is designated 
as (11-20). When the Miller indices are to be shown in 
the drawings and the index is in the negative, the index 
is supplied with a bar on the index numeral and other 
indications follow those of Miller indices. The crystal ori- 
entation as used in the present invention is the orienta- 
tion based on the GaN group crystal grown on the base 
substrate in the C axis orientation as the thickness 
direction. 

The non-dislocation as referred to in the present 
invention means not only the ideal state completely free 
of dislocation which is theoretically possible, but also 
the state considered to have sufficiently low dislocation 
density to the degree the influence of the dislocation 
may be ignored from the industrial aspect, when com- 
pared to the dislocation density in the case where a 
GaN group crystal is grown on a sapphire substrate via 
a buffer layer. 



The GaN group as referred to in the present inven- 
tion means a material of the formula: ln x Ga x Al z N 
(0^X^=1, 0=§Y=i1, 0^Z^1, X+Y+Z=1). In particular, the 
material useful as a thick film layer includes those made 
5 from GaN, AIGaN, InGaN and the like. 

The present inventors previously proposed forming 
mask layers 2 having a lattice pattern on a base sub- 
strate 1 to avoid cracks in the GaN layer caused by the 
different lattice constants as well as different cceffi- 
10 cients of thermal expansion between GaN and sapphire 
substrate, and growing chip sized GaN layers 30 in the 
openings (non-masked region) exposing the substrate 
surface, as shown in Fig. 3 (Japanese Patent Unexam- 
ined Publication No. 273367/1995). 
75 Subsequent studies done by the present inventors 
have revealed that, when the disposed GaN layers 30 
are further grown, the crystal grows not only in the thick- 
ness direction but also in the transverse direction from 
each GaN layer 30 onto the mask layer 2, as shown in 
20 Fig. 1(a). It has been further clarified that different 
growth conditions result in crystal orientation-depend- 
ent crystal growth. 

It has been further found that the dislocation 
present in the above-mentioned crystals may continue 
25 from the base inclusive of the substrate or may be gen- 
erated in certain growth interface and grow along with 
the crystal growth. When GaN crystal is grown from the 
non-masked region as the starting point to cover the 
mask layer, the thickness necessary to cover the mask 
30 layer and the location of the low dislocation density part 
vary according to the direction of the mask layer (direc- 
tion of the boundary line between the masked region 
and non-masked region) and atmospheric gas during 
GaN crystal growth. 
35 When the above-mentioned transverse growth fur- 
ther proceeds, as shown in Fig. 1 (b), the mask layer 2 is 
completely embedded, and a bulky, thick GaN layer 3 
which is flat and associated with no cracks and less 
defects can be obtained. It is speculated that the 
40 absence of cracks is attributable to the alleviation of the 
stress resulting from the fact that the mask layer 2 and 
GaN layer 3 are merely in contact with each other at the 
interface between them. The present invention is based 
on these findings. 
45 In the GaN group crystal base member of the 
present invention as shown in the embodiment of Fig. 1 , 
the surface of the base substrate 1 is partially covered 
by mask layer 2, and the GaN group crystal layer 3 
grows from the non-masked region 11 of the base sub- 
so strate 1 and covers the mask layer 2. 

The material of the above-mentioned base sub- 
strate 1 may be, for example, sapphire crystal (C face, A 
face), rock crystal, SiC and the like which are widely 
used to form GaN group crystal layers. In particular, 
55 sapphire substrate (C face) is preferred. The substrate 
may have a buffer layer of ZnO, MgO, AIN and the like 
on its surface to reduce the difference in the lattice con- 
stant and coefficient of thermal expansion between the 
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substrate and GaN group crystal layer. In addition, a 
material having a thin layer of ln x Ga y Al z N (0^X=§1, 
0=iY=i1, 0=iZ=si, X+Y+Z=1) such as GaN or GaAIN 
formed on said buffer layer may be appropriately used. 
Such base substrate can reduce the density of the dis- 5 
location newly generated from the non-masked region 
into a GaN group crystal layer 3 and afford a GaN group 
crystal layer 3 having fine crystal Unity. 

The mask layer 2 should be one, from which sur- 
face a GaN group crystal does not substantially grow. io 
Examples of such material include non-crystalline 
materials such as nitrides and oxides of Si, Ti, Ta, Zr 
and the like, namely, Si0 2 , SiN x , Si0 10( Nx» Ti0 2 , Zr0 2 
and the like. In particular, Si0 2 , SiN x and SiO-j. x N x are 
suitable which are superior in heat resistance and which is 
allow relatively easy film formation and removal by etch- 
ing. These materials may be formed into a multilayer 
structure. 

The mask layer 2 may be formed by either an addi- 
tive method or subtractive method. The subtractive 20 
method may comprise covering the entire substrate with 
a masking material by MOVPE, sputtering, CVD and the 
like and leaving a desired pattern by etching, thereby 
exposing the substrate surface to be used as a non- 
masked region. 25 

The mask layer 2 may have any pattern such as a 
lattice pattern, a stripe pattern and a dot pattern. Of 
these, a lattice pattern is preferable in that it enables 
efficient use of the surface area of the base substrate 1 . 
When the mask layer is formed into a lattice pattern, the 30 
shape of one exposed part (non-masked region) may 
be a quadrangle, a polygon or a circle. 

The present inventors have found that the rate of 
GaN group crystal growth in the transverse direction on 
the mask layer is greater in the growth in the <1 1 -20) ori- 35 
entation than in the growth in the <1 -100) orientation. As 
shown in Fig. 2, it is desirable that this property be uti- 
lized to the maximum possible extent by setting the rela- 
tion between the lattice width A in the (11-20) 
orientation and the lattice width B in the (1 -100) orienta- 40 
tion to O^A^B. The widths A, B of the lattice are prefer- 
ably about 1 urn to 2 mm. When the shape of the 
exposed part is quadrangle, it is an about 1 um to 2 mm 
quadrangle. 

A GaN group crystal layer 3 is formed on the sub- 45 
strate for growth. The growth of the GaN group crystal 
starts from the non-masked region alone of the base 
substrate 1 . In other words, the GaN group crystal layer 
3 and the base substrate 1 directly contact with each 
other only at the non -masked region. Further growth so 
completely buries the cavity as the non- masked region, 
and the top surface of the crystal becomes higher than 
the top surface of the mask layer 2. Yet further growth 
makes the GaN group crystal extend not only in the 
thickness direction but also in the transverse direction se 
along the top surface of the mask layer, which in due 
course joins the crystals which have grown from differ- 
ent non-masked regions as starting points. The crystal 



ultimately covers the mask layer 2 completely, along 
which the growth in the thickness direction continues 
until it forms the GaN group crystal layer 3. 

The GaN group crystal layer 3 can be grown by any 
method such as the HVPE method, the MOCVD 
method, the MBE method and the like. When a thick film 
is to be grown in the C axis orientation at a high speed, 
the HVPE method is preferable, but when a thin film is 
to be formed, the MOCVD method is preferable. 

A semiconductor light emitting element such as 
LED and LD (laser diode) can be produced by forming a 
light emitting part comprising a cladding layer and an 
active layer, and electrodes on the GaN group crystal 
base member of the present invention, particularly, a 
GaN group crystal layer 3 grown thick. 

As in the embodiment of Fig. 1 , when a low disloca- 
tion density part is formed on the mask layer 2, occur- 
rence of dislocation is not reduced in other parts. Thus, 
in the present invention, as shown in Fig. 4, the GaN 
group crystal base member (base substrate 1, first 
mask layer 2 and first GaN group crystal layer 3) shown 
in the above-mentioned Fig. 1 is used as a new base 
substrate M, on which a second mask layer 21 is formed 
in the same manner as in Fig. 1, thereby shutting off 
extension of the dislocation line, and then a second 
GaN group crystal layer 31 is grown thereon. In this 
manner, a GaN group crystal base member almost with- 
out dislocation can be obtained. In Fig. 4, the dislocation 
lines linearly rise from the non-masked region. 

The GaN group crystal base member obtained by 
forming the above-mentioned second GaN group crys- 
tal layer 31 is used as a new base substrate M, and a 
mask layer and a GaN group crystal layer may be 
repeatedly formed an optional number of times to form 
a GaN crystal having an almost non-dislocation state. 

Another preferable mode for forming a mask layer is 
explained in the following. When a dislocation line line- 
arly advances upward from the non-masked region, the 
GaN crystal of the part grown on the masked region is 
utilized. Thus, the masked region should be made as 
large as possible. While a non-masked region which is 
unnecessarily large is useless, too large a masked 
region has been found to be also undesirable in that the 
time necessary for the completion of the crystal growth 
becomes long. 

In the embodiment shown in Fig. 5, a mask layer 2 
is formed on the surface of a base substrate 1 to divide 
a masked region 12 from a non-masked region 1 1 . The 
masked region 1 2 and non -masked region 1 1 are both 
linear strips which are alternately formed in a periodic 
repeat pattern. The longitudinal direction of the linear 
strips of the masked region and non-masked region 
extends in the (1-100) orientation. 

In the present invention, the preferable ranges are 1 
um^B^20 mm and 1 um<A+B^25 mm. wherein the 
width of the masked region (namely, strip width in (11- 
20) orientation) is B and the width of the non-masked 
region is A (strip width in (1 1-20) orientation, as in B). 
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The repeat pattern of the masked region and non- 
masked region may give stripes as shown in Fig. 5 or 
each strip may extend forming a certain angle with the 
(1-100) orientation. In either way, the masked region 
and non-masked region form a regular repeat pattern in 5 
the (11 -20) orientation, as well. 

The repeat pattern of the masked region and non- 
masked region may form a zigzag line. Besides, a 
repeat pattern of strips forming an optional curves, such 
as sign curve, a repeat pattern concentrically forming 10 
an annulus ring or hexagon masked region, a coiled 
repeat pattern and the like may be employed. Alterna- 
tively, a repeat pattern in which the ratio of A to B varies 
according to a certain relational formula may be used. 

The width B of the masked region corresponds to 15 
the width of the low dislocation density GaN group crys- 
tal to be grown thereon. A width suitable for use may be 
determined within said width, wherein it may be used as 
it is or divided before use. When B exceeds 20 mm, the 
GaN group crystal will require a long time to cover the 20 
masked region. Nevertheless, when B is less than 2 urn, 
a mask layer cannot be formed easily, and the ratio of B 
to A+B becomes smaller to result in less reduction of 
dislocation density of the GaN group crystal obtained. 

When the dislocation line linearly advances upward 25 
from the non-masked region, the non-masked region is 
preferably as small as possible, so that the limited area 
on the base substrate can be used most effectively and 
the largest possible area of the non-dislocation part is 
obtained at high speed. It is preferable that the propor- 30 
tional relation of A and B is always A^B. It is more pref- 
erable to set the proportion of B to A+B to 50% - 
99.998%, particularly 50% - 99.98%. When the propor- 
tion of B to A+B exceeds 99.998%, A becomes too 
small to prevent easy formation of the non-masked 35 
region, and B becomes greater to require a large 
amount of time for the GaN group crystal to cover the 
masked region. 

The present inventors have further found that, when 
openings (non-masked region) are disposed on the 40 
mask layer, an orthogonal matrix formed by the open- 
ings in the (1-1 00) orientation and (1 1 -20) orientation as 
shown in Fig. 2 is associated with the following problem 
as shown in Fig. 8. 

To be specific, as shown in Fig. 8(a), from the sides 45 
of the opening 4a, an off -facet plane 32 grows in the (1 1 - 
20) orientation at high speed and a facet plane 31 grows 
moderately in the (1-100) orientation from the side 
extending in the (1 1 -20) orientation. The off-facet plane 
is shown with a thick dotted line and the facet plane is so 
shown with a thick line. Immediately after the crystal 
started growing from the opening in the transverse 
direction on the mask layer, the transverse growth 
planes can be considered to be only two planes in the 
directions orthogonally crossing with each other (e.g.. 55 
Fig. 8(a), 31 and 32). As the growth proceeds, however, 
a facet plane 33 appears at the corner where the planes 
31 and 32 cross with each other. 



A continued crystal growth results in enclosure of 
the central portion (vicinity of center point m) which is 
located at the same distance from the four openings 4a, 
4b, 4c and 4d. It occurs at a certain point of the growth 
by the facet planes 33a, 33b, 33c and 33d slow in 
growth, as shown in Fig. 8(b). 

Once it is enclosed solely by the facet planes slow 
in growth, the enclosed area (space) requires a long 
time to be closed by a continued crystal growth. During 
that long time period, the crystal continues to grow at 
high speed in the thickness direction (C axis orienta- 
tion). By the time the enclosed area is filled, the thick- 
ness of the crystal becomes unnecessarily great far 
exceeding the intended size. In addition, the central part 
(center point qi) filled last consists of the crystals from 
the four directions which are joined at one point, having 
a low crystal quality with many defects. 

In the present invention, therefore, the pattern 
formed by the openings is set to be other than an 
orthogonal matrix formed by the openings in the (1 1 -20) 
orientation and (1-100) orientation, but parallelogram 
(exclusive of square and rectangle) or square without 
the side in the (1 1-20) orientation. In this way, the enclo- 
sure only by the facet planes can be avoided and at 
least one of the above-mentioned problems-can be 
solved. In particular, when, as shown in Fig. 7, the 
growth planes of the crystals gathered from respective 
openings enclose the central area, the position of the 
openings may be moved so that the central portion will 
be enclosed by two facet planes and one off-facet 
plane, whereby the remaining problems mentioned 
above can be entirely solved. 

The problems solved in this way are the following. 

a. High speed growth of off-facet plane enables fill- 
ing of the enclosed area in a short time. 

b. The enclosed area is closed at an earlier stage 
relative to the growth in the thickness direction, so 
that a crystal having a desired thickness can be 
obtained. 

c. The portion closed last (center m) has a crystal 
structure collectively formed by the crystals gath- 
ered from three directions, so that the crystal qual- 
ity can be improved as compared to the quality of 
the crystals from four directions. In addition, the 
enclosed area which was closed at an earlier stage 
continues to grow in the thickness direction, so that 
the crystal quality of said portion can be Improved 
during the growth, and by the time the desired thick- 
ness is obtained, the surface layer of the crystal 
becomes far more improved in quality than it was 
when the area was closed. 

In Fig. 6. on a base substrate 1 is formed a mask 
layer 2 (partially broken away in the Figure) and on the 
mask layer 2 are formed plural openings 4 in which the 
top surface of the base substrate 1 is exposed at the 
bottom. The pattern formed by the openings 4 at the top 
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surface of the mask layer 2 is drawn by supposing a net 
having a quadrangle S1 (shown in a thick line) as the 
minimum constituent unit, on the surface of the mask 
layer. The openings 4 are formed on the intersection of 
the net lines. According to the present invention, this 5 
quadrangle S1 of the net may be a parallelogram or a 
square or rectangle without the side in the (1 1 -20) orien- 
tation. 

In the embodiment shown in Fig. 6, quadrangle S1 
of the net is a parallelogram S1 formed by a part of the 10 
parallel two straight lines yl and y2 extending in the (1- 
1 00) orientation, as parallel two sides. The pattern of the 
entire net supposed to be present on the surface of the 
mask layer in the embodiment of Fig. 6 is a net wherein 
the parallel straight lines y1 to y3 extending in the <1- 15 
100) orientation form an angle other than a right angle, 
namely, an angle 61 (= one of interior angles of parallel- 
ogram) with the parallel lines ml to m3. The openings 
near the outer periphery may be increased or 
decreased in number by, for example, omitting openings 20 
4e and 4f according to the outer shape of the substrate. 

The net pattern may be, as shown in the embodi- 
ment of Fig. 6, completely congruent parallelogram 
defined only by the parallel lines in two directions, a pat- 
tern wherein mirror symmetrical parallelograms are 25 
alternately combined, a pattern wherein different paral- 
lelograms are combined and the like. 

The shape of the parallelogram constituting the net 
pattern is preferably one wherein one of the two sides 
slides in the (1-100) orientation from the other side by so 
half the length of said side. In the embodiment of Fig. 6, 
for example, it is a parallelogram wherein, of the open- 
ings 4a, 4b, 4c and 4d at the four vertexes of the paral- 
lelogram, the sets (4a, 4c and 4d) and (4a, 4d and 4b) 
come to the vertex of each isosceles triangle. The dis- 35 
tance between the openings in the <1 -100) orientation is 
about 1 urn - 10 jim, whereas that in the (1 1 -20) orien- 
tation along which the crystal grows at high speed is 
about 2 urn - 50 urn. These sizes can be determined by 
referring to the crystal growth speed in the transverse 40 
direction. 

Other embodiments of the net pattern include one 
wherein the minimum constituent unit quadrangle of the 
net is a parallelogram having two parallel sides extend- 
ing in the (1 1 -20> orientation, or a parallelogram includ- 45 
ing no straight line extending in the (1-100) orientation 
or (1 1 -20) orientation, and the like. 

As shown in Fig. 8(a), the plane 32 in the (1-100) 
orientation of the crystal which grows from the opening 
decreases due to the growth of the off-facet plane 33. In 50 
consideration of this, the shape of the opening is prefer- 
ably one wherein the side in the (1 -100) orientation has 
a sufficient length. To be specific, it is a quadrangle hav- 
ing a size falling within the range specified by 10 jim - 10 
mm in the (1-100) orientation and 1 uxn - 10 urn in the 55 
(11-20) orientation, and having a longer side in the (1- 
100) orientation. 

In the present invention, low dislocation density and 



high quality crystal formed on the masked region or 
non-masked region is utilized to form a GaN group sem- 
iconductor element using the low dislocation density 
part. In so doing, it is essential that the width of the 
masked region and non-masked region be not less than 
the width of the active part of the element and not more 
than the width of the entire element. For example, when 
the part above the mask layer has a low dislocation den- 
sity, the element is manufactured in such a manner that 
the masked region comes at least right beneath the 
active layer of the element. In this way, a high quality 
element can be ensured using the least possible part of 
the masked region. 

When the mask layer forms a stripe pattern, GaN 
group semiconductor layer is formed to give a laminate 
including a number of elements, and the part above the 
mask layer has a low dislocation density, each element 
is preferably divided at the non -masked region. This 
obliterates useless breaking of high quality crystal parts 
when dividing the elements. 

When an element is divided at a certain region, it is 
meant that a parting plane passes through said region 
and crosses the plane of each layer in a perpendicular 
relation. 

While the element to be the production target is not 
particularly limited, the element may be, for example, a 
light emitting element, a light receiving element, power 
device and the like. As the light emitting element, exem- 
plified are GaN group LED and GaN group semiconduc- 
tor laser, and examples of power device include 
microwave FET, power MOSFET, HBT (heterojunction 
bipolar transistor), MMIC (monolithic microwave inte- 
grated circuit) and the like. 

The width of the element as exemplified by a light 
emitting element is typically those shown in Fig. 10. Fig. 
10(a) shows a GaN group LED having a GaN crystal as 
a substrate 1 . The element as a whole is a simple rec- 
tangular parallelopiped wherein the width D of the ele- 
ment and the width E of the active part kl are the same. 
Fig. 10(b) shows a GaN group LED having a sapphire 
crystal as a substrate, wherein the substrate is an insu- 
lating member requesting the electrode disposed at the 
upper side as shown in the Figure, and the width E of 
the active part k1 is smaller than the width D of the ele- 
ment. Fig. 10(c) shows a GaN group stripe laser having 
a sapphire crystal as a substrate, wherein the stripe 
structure necessitates the width E of the active part 
(stripe part) to be still smaller than the width D of the 
element, as compared to the LED of Fig. 10(b). 

In a stripe laser, the part to be the width of the stripe 
part varies according to the embodiment of the laser 
element. The width of the stripe part corresponds to the 
width of the member when the stripe member is embed- 
ded; the width of a laminate in an embodiment where 
the width of the laminate between two planes of resona- 
tors is narrowed to make the shape of the laminate itself 
a stripe; and the width of an electrode where the elec- 
trode is a stripe and the part of the active layer, which 
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comes beneath the electrode, becomes a stripe part. 
The embodiment shown in Fig. 10(c) has a width E of 
the stripe part k1 which is smaller than the width of the 
entire active layer. 

The width of the element in Fig. 10 and the depth 
size of the element in the direction perpendicular to the 
paper surface vary depending on the kind of element, 
inclusive of one having a large area (e.g., LED array). 
Typically, the size of a light emitting element such as a 
laser is about width 200 um - 500 um and depth 200 urn 
- 1000 um per one element. 

When the part above the masked region has a low 
dislocation density, as shown in Fig. 5, the width wl 
between the two parallel straight lines p1 and p2 
extending in the (1-100) orientation should be equal to 
the width of the production target element, particularly 
at least the width capable of being set beneath the 
active part. This enables efficient use of a high quality 
crystal above the masked region for an element, as 
shown in Fig. 9(b) and Fig. 11. 

When the part above the masked region has a low 
dislocation density, it is preferable that a mask layer 
have two parallel straight lines extending in the (1-100) 
orientation which define the outer shape. The width 
between the two straight lines need only be that allowa- 
ble to come beneath the active part, which may be 
selected from the range of from the width of the active 
part of the element to the width of the entire element. In 
the case of a stripe laser, for example, since it has a 
width selected from the range of from the width of the 
stripe (2 um ) to the width of the entire element (1000 
um), the width of the masked region should be also 2 
um - 1000 um. In the case of an LED array having a 
greater area, at least the width of the masked region is 
set to fall within the range of from the width of the active 
part to the width of the entire element. 

When the masked region forms a stripe as shown in 
Fig. 5 and elements are formed above the masked 
region strips, a number of elements may be formed 
sequentially and integrally in the longitudinal direction 
above one masked region strip, and divided at a final 
stage. The width of the non-masked region then may be 
any as long as the division is effected. In the element 
shown in Fig. 10(c), when the width of the masked 
region and that of the active part are the same, the width 
of the masked region becomes minimum and that of the 
non-masked region at both sides thereof becomes max- 
imum. 

When the part above the masked region has a low 
dislocation density, the non -masked region becomes 
the starting point of the GaN group crystal layer growth 
as well as the cutting region for division. For example, 
when division utilizes braking, the width need only be 
that necessary as the starting point of the crystal growth 
rather than the width necessary for division, since the 
division scarcely requires a loss width. When the divi- 
sion involves the use of a diamond rotation blade, the 
loss should be considered to be about 20 um - 50 um. 



From the above-mentioned aspects, the width of 
the non-masked region is selected from the range of 
from about 0.5 um - 5 mm, particularly from about 1 um 
- 1 mm, when a low dislocation density part is to be 

5 formed above the masked region. 

The method for manufacturing the element of the 
present invention as shown in Fig. 9(a), wherein the part 
above the masked region of the GaN group crystal layer 
has a low dislocation density, comprises growing a sem- 

io iconductor layers k in such a manner that the active part 
comes at least above the masked region and forming a 
laminate containing a necessary number of elements. In 
the embodiment shown in this Figure, the element is a 
simple GaN group LED wherein the width of the mask, 

15 that of the element and that of the active part are the 
same. The active part which assumes the function of an 
element produces emission of light and includes a pn 
junction. As shown in Fig. 9(b), the laminate containing 
the necessary number of elements is divided to sepa- 

20 rate each element. The base substrate may or may not 
be removed. 

When the element is a stripe laser, it is preferably 
formed and divided taking note of the fact that the stripe 
portion extends in the longitudinal direction and that the 
25 element contains a resonator. 

For example, when the masked region forms a 
stripe as shown in Fig.5 and a low dislocation density 
part is formed above the masked region, the longitudi- 
nal direction of the part to be a stripe part is the longitu- 
30 dinal direction of each masked region as shown in Fig. 
11, and plural stripe lasers are efficiently formed in 
sequence above the masked region. With regard to the 
above-mentioned second point to be noted, the entire 
laminate is divided along the plane perpendicular to the 

35 longitudinal direction of the stripe part, before division 
into each stripe part (e.g., division along X1 and X2 in 
Fig. 1 1) to form a string of adjoining elements in the (1 1 - 
20) orientation as shown in Fig. 1 1 . The end surface 
appearing on the plane of division of every strip is 

40 treated to make a reflector, and a resonator is integrally 
finished. Then, each GaN group stripe laser is efficiently 
separated by cutting along the plane parallel to the lon- 
gitudinal direction of the stripe part (e.g., in Fig. 1 1 , divi- 
sion along U1 to U4). 

45 Conventionally, the dislocation line present in the 
GaN group crystal layer 3 has been considered to 
advance linearly in the thickness direction along with 
the growth of the layer, as shown in Fig. 1 . Neverthe- 
less, the present inventors have claimed that the dislo- 

so cation line generated in the non-masked region can be 
freely led to the part above the masked region or non- 
masked region by determining a mask layer pattern, 
crystal growth method and atmospheric gas during the 
crystal growth in combination. In other words, in the 

55 GaN single crystal layer 3 in Fig. 1. any part above the 
masked region and non-masked region can be made to 
have a low dislocation density. 

In the present invention, as shown in Fig. 12(a) and 
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Fig. 13(a), a mask layer 2 is formed on the base sub- 
strate 1 (wherein 12 is a masked region and 1 1 is a non- 
masked region), and GaN group crystal is grown from 
the non-masked region. In so doing, the ratio of the 
growth rate in the C axis orientation (thickness orienta- 5 
tion) of said GaN group crystal and that in the orienta- 
tion perpendicular to the C axis (transverse direction) is 
controlled to vary the crystal growth to the following (i) 
or(ii). 

10 

(i) When the growth rate in the C axis orientation is 
greater, the morphology of the surface upon crystal 
growth becomes that of a pyramid as shown in Fig. 
12(b). In this way, the direction of the advancement 

of the dislocation line L can be bent toward the 75 
masked region side as shown in this Figure. Further 
crystal growth leads to joining of the crystals from 
the adjacent masked regions as shown in Fig. 
1 2(c), making the pyramidal top surface of the crys- 
tal layer flat. Along therewith, the dislocation line 20 
goes upward along the joining surface of the crys- 
tals. 

(ii) When the growth rate in the direction perpendic- 
ular to the C axis becomes greater, the morphology 

of the surface upon crystal growth becomes that of 25 
trapezoid having a flat top surface, as shown in Fig. 
13(b). In this way, the dislocation line L can be line- 
arly led upward as shown in this Figure. Further 
crystal growth leads to joining of the crystals from 
the adjacent masked regions as shown in Fig. 30 
13(c), while retaining the flat top surface only to 
increase the thickness of the crystal layer. In this 
case, the dislocation line continues to go upward. 

The controlling factors of the ratio of the above- 35 
mentioned growth rate in the C axis orientation and that 
in the orientation perpendicular to the C axis are the 
pattern formed by the mask layer, crystal growth 
method and atmospheric gas during the crystal growth, 
and achievement of the above-mentioned crystal 40 
growth modes (i) and (ii) hinges on certain combination 
of these factors. 

For controlling the advancement direction of the 
dislocation line, the pattern of the mask layer is based 
on the direction of the boundary line between the 45 
masked region and non- masked region. As explained 
earlier, when the boundary line between the masked 
region and non-masked region is a straight line extend- 
ing in the (1-100) orientation, the off-facet plane grows 
in the transverse direction at a higher rate. As a result, so 
the surface of the mask layer is covered while the GaN 
group crystal layer is still thin, as compared to the case 
of (1 1-20) orientation to be mentioned next. 

Conversely, when the boundary line between the 
masked region and non-masked region is a straight line 55 
extending in the (11-20) orientation, the {1-100} plane, 
which is a facet plane, extends beyond this boundary 
line into the transverse direction, making the growth rate 



in the transverse direction slower. Inasmuch as the 
growth rate in the C axis orientation is higher than that 
in the transverse direction, slant facet such as {1-101} 
plane tends to be formed. It necessitates making the 
plane flat after the pyramid plane is formed first. Conse- 
quently, the flat plane requires a certain thickness. 

One example of the pattern showing the most 
noticeable effect of the above-mentioned mask pattern 
is the stripe one shown in Fig. 5. The longitudinal direc- 
tion of this strip is the direction of the boundary line 
between the above-mentioned masked region and non- 
masked region. 

Examples of the crystal growth method include 
HVPE, MOCVD and the like. When a thick film is to be 
manufactured, the HVPE method affording a higher 
growth rate is preferred. 

The atmospheric gas is exemplified by H 2 , N 2 , Ar, 
He and the like, and H 2 and N 2 are preferably used for 
controlling the dislocation line. 

When the crystal growth is carried out in an H 2 rich 
atmospheric gas, the growth rate in the C axis orienta- 
tion becomes higher. In particular, when the direction of 
the boundary line between the masked region and non- 
masked region is a straight line in the (11-20) orienta- 
tion, namely, slow in the transverse direction, the ratio of 
the rate in the C axis orientation becomes significantly 
greater, thereby making the crystal above the non- 
masked region have a low dislocation density. 

In contrast, when the crystal growth is carried out in 
an N 2 rich atmospheric gas, the growth rate in the C 
axis orientation becomes lower than that when an H 2 
rich atmosphere is employed, as a result of which the 
growth rate in the transverse direction becomes rela- 
tively greater. When the growth rate in the transverse 
direction is accelerated by the combination with the 
mask pattern, the crystal above the masked region 
comes to have a low dislocation density, as shown in 
Fig. 13. 

The crystal growth by MOCVD is mainly carried out 
under an H 2 rich atmosphere. For example, when a 
combination of carrier gas hydrogen (10 L)+hydrogen 
gas (100 cc) for organic metal bubbling as a III group 
gas and carrier gas hydrogen (5 L) +ammonia (5 L) as a 
V group gas are used, a hydrogen concentration is 75%, 
which is one example of H 2 rich atmosphere having 0% 
nitrogen concentration. 

On the other hand, in N 2 rich atmosphere in the 
case of the above-mentioned MOCVD crystal growth, 
the nitrogen concentration when the III group carrier gas 
is changed to nitrogen is about 50%. When the V group 
carrier gas alone is changed to nitrogen, the nitrogen 
concentration is about 25%. Thus, a gas having a nitro- 
gen concentration of not less than about 25% is desig- 
nated to be N 2 rich. 

The part of the GaN group crystal having a low dis- 
location density which is obtained by intentionally avoid- 
ing the passage of the dislocation line is positioned at 
the center of a light emitting part of a light emitting layer, 
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so that a preferable light emitting element as shown in 
Figs. 1 4 and 1 5 can be obtained. 

The element shown in Fig. 14 is one embodiment of 
the GaN group LED of the present invention, wherein, in 
the active layer 5 of the element, the part above the non- 
masked region has a low dislocation density. This part 
having a low dislocation density is the center of the light 
emission due to a current stricture structure. In contrast, 
in the active layer 5 of the element of- the GaN group 
LED shown in Fig. 1 5, the part above the masked region 
has a low dislocation density and is the center of the 
light emission. 

When the preferable conditions to grow the GaN 
group crystal faster in the transverse direction are not 
known, the GaN group crystal has greatly grown in the 
thickness direction as well when the GaN group crystal 
has completely covered the mask layer, which inevitably 
increases the thickness T from the top surface of the 
mask layer to the top surface of the GaN group crystal 
layer. When the width W of the mask layer is reduced, 
however, the GaN group crystal quickly covers the mask 
layer completely, thereby making the thickness T 
smaller. In consequence, the ratio of the thickness T 
from the top surface of the mask layer of the GaN group 
crystal layer to the width W of the mask layer, T/W, can- 
not become smaller than a certain level. This in turn has 
resulted in the problem that a GaN group crystal layer 
formed on a sufficiently wide masked region inevitably 
becomes thick and is associated with cracks and warp- 
ing. 

The smallest ratio T/W heretofore reported is 1 .75 
wherein the width W of the mask layer is that in the <1 1- 
20) orientation, and T=7 nm when W=4 pm. 

The present invention suggests, as stated with 
respect to the method for controlling the direction of the 
above-mentioned dislocation line, that the pattern of the 
mask layer be such having the boundary line between 
the masked region and non-masked region extending in 
the <1 -100) orientation, the GaN group crystal be grown 
by MOCVD (Metal Organic Chemical Vapor Deposition) 
and the atmospheric gas in which the GaN group crystal 
is grown by the MOCVD be an N 2 rich gas. When these 
three requirements are fulfilled, the ratio of the thick- 
ness T of the GaN group crystal layer 3 covering the 
mask layer 2 formed on the base substrate 1 to the 
width W of the mask layer 2 in the <1 1-20) orientation, 
T/W, becomes not more than 1 .75, whereby a thin GaN 
group crystal layer conventionally unattainable as 
shown in Fig. 16 can be obtained. 

The present invention is described in more detail in 
the following by way of illustrative Examples and Com- 
parative Examples, which are not to be construed as 
limiting the present invention. 

Example 1 

A 20 nm thick AIN buffer layer was grown at a low 
temperature using a MOVPE device on a sapphire sub- 



strate (C face) having a diameter of 2 inches and a 
thickness of 330 fim, and a 1.5 jim GaN thin layer was 
grown thereon to give a base substrate. An Si0 2 thin 
film having a thickness of 500 nm was formed as a 

5 masking material on the surface of this substrate by a 
sputtering method, and a mask layer was formed by 
leaving the mask material in a lattice pattern at a line 
width of 100 nm and 200 n™ pitch by etching. That is, 
100 nm square exposed parts were arrayed at 200 pirn 

to intervals. This new substrate was set in an HVPE device 
to grow 300 \im thick n-type GaN layer. The mask layer 
was completely embedded, wherein the surface flat- 
ness was fine, and a 2 inch diameter n-type GaN group 
crystal base member was obtained. 

15 The GaN on the mask layer was evaluated by TEM. 
As a result, the dislocation density was not more than 
1x10 2 cm' 2 . 

Example 2 

20 

Using the same manufacturing method as in Exam- 
ple 1 , a 50 nm thick AIN buffer layer and a 1 .5 nm GaN 
thin layer were grown on a sapphire substrate (C face) 
having a diameter of 2 inches and a thickness of 330 nm 

25 to give a base substrate. The mask pattern was a stripe 
wherein 500 nm thick. 200 n m wide linear Si0 2 mask 
layers and 200 nm wide exposed parts were alternately 
disposed. The longitudinal direction of the stripe was 
the (1-100) orientation. This was set in an HVPE device 

30 to grow a 220 jim thick n-type GaN layer. The mask 
layer was completely embedded without occurrence of 
cracks, whereby a 2 inch diameter n-type GaN group 
crystal base member having fine surface flatness was 
obtained. 

35 

Example 3 

in the same manner as in Example 1 , a mask layer 
having a lattice pattern and an n-type GaN layer were 

40 grown on a base substrate. A second mask layer having 
the same lattice pattern as in Example 1 was grown on 
this n-type GaN layer. This second mask layer covered 
right above the non-masked region. This was set in an 
HVPE device to grow a 300 nm thick second n-type 

45 GaN layer. 

The second n-type GaN layer thus obtained was 
evaluated by TEM. As a result, the dislocation density 
was not more than 1 x 10 2 cm' 2 

50 Example 4 

A mask layer made from an Si0 2 thin film was 
formed by a sputtering method so that a linear strip pat- 
tern as shown in Fig. 5 was drawn on the surface of the 
55 base substrate similar to that used in Example 1 to give 
a substrate for growth. The mask layer was formed to 
have strips extending in the <1-100) orientation. The 
proportion of B to A+B was 90.9% where the thickness 
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was 0.5 |im, strip width (= width B of masked region) 
was 100 jim and intervals between strips (= width A of 
non-masked region) was 10 jim. 

A GaN crystal was grown on this substrate for 
growth by an HVPE device at a 50 jim/hr growth rate for 
4 hr to give a 200 jim thick GaN crystal layer. The dislo- 
cation density of the GaN crystal grown on the masked 
region was evaluated by TEM. As a result, the disloca- 
tion density was not more than 1x10 4 cm' 2 . The sap- 
phire substrate was removed by abrasion to give a flat 
GaN crystal substrate. 

Example 5 

A 25 pirn thick GaN crystal was grown under the 
conditions wherein the width B of the masked region 
was 1 jim, the width A of the non-masked region was 1 
urn and the proportion of B to A+B was 50%. 

As a result of the processing in this Example, it has 
been found that setting the width B of the masked region 
to less than 1 is technically difficult. It has also been 
found that reduction of the dislocation density becomes 
small unless B/(A+B) is large, which in turn causes 
noticeable problems of significantly reduced crack pre- 
vention effect, thereby reducing the advantageous 
effects of the present invention. 

Example 6 

A 1 1 mm thick GaN crystal was grown in the same 
manner as in Example 1 under the conditions wherein 
the width B of the masked region was 20 mm, the width 
A of the non-masked region was 0.5 and the propor- 
tion of B to A+B was 99.998%. 

The sapphire substrate was removed by abrasion 
to give a GaN single crystal substrate which was a thick, 
bulky and flat crystal having a wide area. The irregulari- 
ties on the surface were somewhat greater than those 
found in Examples 1 to 3. 

It has been clarified from this Example that the 
width of the masked region should be 20 mm at the 
greatest. When the width of the masked region is 
greater than this, the time necessary for the step 
becomes longer and the surface morphology tends to 
be degraded. As a result of the processing wherein the 
width A of the non- masked region was 0.5 \irr\, it was 
found that the width A of less than 0.5 ^m was difficult to 
achieve. Thus, the proportion of B to A+B is preferably 
about 99.998% at the greatest. 

Example 7 

A 1 1 mm thick GaN crystal was grown in the same 
manner a sin Example 1 under the conditions wherein 
the width B of the masked region was 20 mm, the width 
A of the non-masked region was 5 mm and the propor- 
tion of B to A+B was 80%. As a result, the GaN crystal 
layer contained numerous cracks extending from the 



non-masked region to the masked region. Thus, a 
greater width of the non-masked region was not desira- 
ble due to the occurrence of cracks, and the upper limit 
of A was 5 mm. 

5 

Example 8 

An Si0 2 mask layer was formed on the surface of 
the base substrate similar to that used in Example 1. 

10 Then, openings were formed by etching to give a sub- 
strate for growth of the type shown in Fig. 6. The shape 
of the openings was congruent, which was a rectangle 
having the size of (1 1 -20) orientation 3 jim x (1-100) ori- 
entation 100 jim. 

15 The pattern of the disposed openings was such that 
the width of the masked region sandwiched between 
the adjacent openings was 5 p.m in the <1 1 -20) orienta- 
tion and 2 in the (1-100) orientation, and the shape 
of parallelogram of the net pattern was such that one of 

20 the two sides in the <1-100> orientation slid by a half of 
the length of the side in the <1 -100) orientation. 

The above-mentioned substrate for growth was set 
on an HVPE device, and a 200 jam thick GaN group 
crystal layer was formed from the non-masked region as 

25 the starting point. The GaN group crystal grew on the 
mask layer in the transverse direction as well to com- 
pletely cover the mask layer. 

The flatness of the GaN group crystal layer surface 
was fine. The part formed by the crystals that grew in 

30 the transverse direction and joined from each opening 
further grew in the thickness direction after the joining. 
The surface layer and the vicinity thereof had fine crys- 
tal quality. 

35 Example 9 

In this Example, the objective element to be formed 
was a stripe laser. As shown in Fig. 5, the mask layer 
was a parallel stripe extending in the <1- 100) orientation 
40 of GaN crystal. The substrate for growth was prepared 
in the same manner as in Example 1 , wherein the pat- 
tern of the mask layer was width 1 50 and the central 
pitch 300 pm. 

45 [stripe laser structure] 

A 1 00 GaN crystal layer was formed on the sub- 
strate for growth to give a substrate, on which were 
sequentially grown in its entirety n-GaN layer/n-AIGaN 

so layer/n-GaN layer/lnGaN multi-quantum well layers/p- 
AIGaN layer/p-GaN layer/p-AIGaN layer/p-GaN layer. 
The laminate was etched by RIE (Reactive Ion Etching) 
leaving 8 width strips to give a stripe laminate as 
shown in Fig. 11 by k. The stripe was aligned with the 

55 about center of the mask layer, so that the stripe could 
be in the (1-1 00) orientation. Abrasion removed the sap- 
phire substrate (C face) to make the entire thickness 80 
lim. 
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[Division into each element] 

Cleavage along the plane orthogonally crossing the 
longitudinal direction of the stripe as the parting plane, 
namely, cleavage along X1 and X2 in Fig. 1 1 and at 500 
^im pitch in parallel relation thereto (cleavage at M 
plane), gave a number of elements in sequential adja- 
cency in the (11-20) orientation. A necessary coating 
was applied to the reflector surface thereof at once to 
finish the resonator. Then, the elements were separated 
along U1 to U4 in Fig. 11 to give respective laser chips. 

This Example confirmed efficient forming of ele- 
ments by aligning the masked region with the stripe 
part. In addition, by determining the stripe direction and 
by the above-mentioned steps of division, efficient pro- 
duction of stripe lasers was attained. 

Example 10 



Fig. 14, 7 is an upper cladding layer and 8 and 9 are 
electrodes. 

Example 11 

5 

In the same manner as in Example 1 except that 
the mask layer stripe had a longitudinal direction which 
was the <1 : 100> orientation of the GaN group crystal to 
be grown and the atmospheric gas was nitrogen rich, a 

w GaN group crystal layer was lormed. The thickness until 
it became flat was 2 jam. 

As shown in Fig. 15, thereafter, a current blocking 
layer 6 was formed in such a manner that the low dislo- 
cation density part came to the light emitting center of 

15 the light emitting layer 5 to form a light emitting element. 
As a result, a light emitting element having a high light 
emission efficiency was obtained. As in Fig. 14, 7 is an 
upper cladding layer and 8 and 9 are electrodes. 



As shown in Fig. 1 2, the dislocation line was bent to 20 
the part above the masked region to make the part 
above the non-masked region a low dislocation density 
part. 



[base substrate] 



25 



As the most basic crystal substrate, used was a 
sapphire substrate (C face). On the surface thereof, an 
AIN low temperature buffer layer and GaN layer were 
grown to the thickness of 2 ^m to give a base substrate. 30 

[mask layer] 



The substrate was taken out from the growth appa- 
ratus and an Si0 2 mask layer was formed by sputtering. 
The pattern of the mask layer was a stripe wherein the 
longitudinal direction of the strip was the (1 1 -20) orien- 
tation of the GaN group crystal to be grown. 

[Growth of GaN group crystal; completion of base mem- 
ber] 



35 



Example 12 

In this Example, a thin GaN crystal was formed. 

[base substrate] 

As the most basic crystal substrate, used was a 
sapphire substrate (C face). On the surface thereof, an 
AIN low temperature buffer layer and GaN layer were 
grown to the thickness of 2 to give a base substrate. 

[mask layer] 

An Si0 2 mask layer was formed by sputtering. The 
pattern of the mask layer was a stripe wherein the longi- 
tudinal direction of the strip was the (1-100) orientation 
of the GaN group crystal to be grown. The width of the 
strip of the non-masked region was 4 fim and the width 
W of the strip of the masked region was 4 urn. 



40 [Growth of GaN crystal; completion of base member] 



Then, this specimen was placed in an MOCVD 
device and heated to 1000°C under a hydrogen atmos- 
phere containing ammonia. TMG and ammonia were 45 
flown for 30 min to grow GaN crystal. The GaN crystal 
first grew in a pyramid shape as shown in Fig. 12(b), 
and the dislocation line was bent toward the masked 
region side. The crystal was further grown until it 
became flat at 10 \xm. 50 

[Light emitting element] 



As shown in Fig. 14, a current blocking layer 6 was 
formed in such a manner that the low dislocation density 
part came to the light emitting center of the light emitting 
layer 5 to form a light emitting element. As a result, one 
having a high light emission efficiency was prepared. In 
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Then, this specimen was placed in an MOCVD 
device and heated to 1000°C under a nitrogen rich 
atmospheric gas (III group carrier gas nitrogen (10 L), 
gas (100 cc) for organic metal bubbling, V group carrier 
gas hydrogen (5 L), ammonia (5 L)). TMG and ammonia 
were fed to grow GaN crystal. The GaN crystal at the 
point the surface of the mask layer was completely 
embedded had a thickness T of 2 jim, as shown in Fig. 
16. Thus, T/Wwas0.5. 

Comparative Example 1 

In the same manner as in Example 1 except that 
the atmospheric gas was changed from nitrogen rich to 
hydrogen rich, a GaN crystal was grown. The GaN crys- 
tal at the point the surface of the mask layer was com- 
pletely embedded had a thickness T of 7 ^m. Thus, T/W 



11 



BNSDOCID: <EP 0874405A2_I_> 



21 



EP 0 874 405 A2 



22 



was 1.75. 

Comparative Example 2 

In the same manner as in Example 1 except that s 
the atmospheric gas was changed from nitrogen rich to 
hydrogen rich and the longitudinal direction of the stripe 
of the mask layer was the (11-20) orientation, a GaN 
crystal was grown. The GaN crystal at the point the sur- 
face of the mask layer was completely embedded had a io 
thickness T of 12 ^m. Thus, T/W was 3. 

Claims 

1. A GaN group crystal base member comprising a 75 
base substrate, a mask layer partially covering the 
surface of said base substrate to give a masked 
region, and a GaN group crystal layer grown ther- 
eon to cover said mask layer, which is partially in 
direct contact with a non-masked region of the base 20 
substrate. 

2. The GaN group crystal base member of claim 1, 
wherein the base substrate permits growth of a 
GaN group crystal in the C axis orientation as the 25 
thickness direction, and the mask layer is made 
from a material substantially free from GaN group 
crystal growth. 

3. The GaN group crystal base member of claim 1 , 30 
wherein the base substrate has at least a surface 
layer represented by the formula: ln x Ga y Al z N 
wherein 0=iX^1, 0^Y^1, 0^Z^1, X+Y+2=1. 

4. The GaN group crystal base member of claim 1 , 35 
wherein the GaN group crystal layer is a first GaN 
group crystal layer, which further comprises a sec- 
ond mask layer partially covering the surface of said 
first GaN group crystal layer and a second GaN 
group crystal layer grown thereon to cover the sec- 40 
ond mask layer, which is partially in direct contact 
with a non-masked region of the first GaN group 
crystal layer. 

5. The GaN group crystal base member of claim 2, 45 
wherein a masked region and a non-masked region 

are alternately repeated periodically, said periodic 
repetition comprising at least a repetition in a (11- 
20) orientation of the GaN group crystal to be grown 
on said base substrate, a width B of said masked so 
region in the <11-20) orientation and a width A of 
said non-masked region being defined by 1 
|iim^B^20 mm and 1 pm<A+B^25 mm. 

6. The GaN group crystal base member of claim 2, 55 
wherein the mask layer has plural openings on the 
surface thereof, the base substrate being exposed 

at the bottom of the openings, an arrangement pat- 



tern of said openings on the surface of the mask 
layer being one wherein the openings are posi- 
tioned at intersections of net lines forming a quad- 
rangle as the smallest constituent unit, said 
quadrangle being a square without a side in the 
(1 1-20) orientation of the GaN group crystal to be 
grown on the base substrate, or parallelogram. 

7. The GaN group crystal base member of claim 2, 
wherein the ratio of a thickness T of the GaN group 
crystal layer covering the mask layer from the mask 
layer surface to a width W of the mask layer in the 
(1 1 -20) orientation is T/W<1 .75. 

8. The GaN group crystal base member of claim 2 to 
be used as a crystal substrate of a GaN group sem- 
iconductor element, wherein the GaN crystal layer 
has grown to cover the mask layer from a non- 
masked region as the growth starting point, and the 
mask layer forms a pattern wherein the width of the 
part having a low dislocation density within said 
crystal exceeds the width of an active part of said 
GaN group semiconductor element. 

9. The GaN group crystal base member of claim 2 to 
be used as a crystal substrate of a GaN group sem- 
iconductor element, wherein a masked region hav- 
ing, as outer shape lines, two parallel straight lines 
extending in the (1-100) orientation of the GaN 
group crystal to be grown on said base substrate, 
and the width between the two straight lines being 
not more than the width of said GaN group semi- 
conductor element and not less than the width of an 
active part of said element. 

10. The GaN group crystal base member of claim 9, 
wherein the GaN group semiconductor element is a 
GaN group stripe laser, the width of said active part 
is the width of a stripe part in the stripe laser, and 
the direction of the extension of the two parallel 
lines is the longitudinal direction of the stripe part in 
the stripe laser. 

11. The GaN group crystal base member of claim 8, 
wherein the GaN group semiconductor element is a 
GaN group light emitting diode. 

12. A method for manufacturing a GaN group crystal 
base member, which comprises the steps of 

(a) partially covering the surface of a base sub- 
strate with a mask layer to form a masked 
region and a non-masked region, said mask 
layer being made from a material substantially 
free from crystal growth, and 

(b) growing a GaN group crystal layer from the 
non-masked region on the base substrate sur- 
face as the starting point to a thickness suffi- 
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cient to cover said mask layer completely. 

13. The method of claim 12, further comprising forming 
a second mask layer and growing a second GaN 
group crystal layer using said mask layer as a first 
mask layer, said GaN group crystal layer as a first 
GaN group crystal layer, and the surface of said first 
GaN group crystal layer as the surface of a new 
base substrate. 

14. The method of claim 12, wherein, in the GaN group 
crystal growth starting from the non-masked region, 
the ratio of the growth rate of the GaN group crystal 
in a C axis orientation to that in the direction per- 
pendicular to the C axis, is controlled to change an 
advancement direction of a dislocation line, thereby 
to form a part having a low dislocation density in the 
GaN crystal by avoiding passage of the dislocation 
line through a desired region above the masked 
region and/or non-masked region. 

15. The method of claim 12, wherein the mask layer 
has a pattern comprising a boundary line between 
the masked region and the non-masked region 
extending in the <1-100> orientation relative to the 
GaN group crystal to be formed on the substrate, 
and the GaN group crystal is grown by MOCVD, the 
atmospheric gas to be used for the GaN group crys- 
tal growth by MOCVD being N 2 rich gas. 



16. A method for controlling an advancement direction 
of a dislocation line in a GaN group crystal, com- 
prising the steps of 

(a) forming a mask layer to form a masked 
region and a non-masked region in a part or 
the entire region of a base substrate surface 
capable of GaN group crystal growth in a C 
axis orientation as a thickness direction, the 
material of said mask layer being substantially 
free from GaN group crystal growth, the crystal 
growth starting from the non-masked region, 
and 

(b) controlling the advancement direction of the 
dislocation line by changing the ratio of a 
growth rate of the GaN group crystal in the C 
axis orientation to that in the direction perpen- 
dicular to the C axis. 

17. A GaN group semiconductor light emitting element 
made from the GaN group crystal base member of 
any one of claims 1 2 to 1 5, wherein a GaN group 
crystal part having a low dislocation density, which 
is formed in a GaN group crystal layer of said GaN 
group base member, or a GaN group crystal part 
having a low dislocation density, which is formed in 
a GaN group crystal layer further formed on said 
GaN group crystal base member, is located in the 



center of a light emitting part of a light emitting layer 
of said semiconductor light emitting element. 

18. A method for manufacturing a GaN group semicon- 
5 ductor light emitting element, comprising the steps 

of 

(a) forming a masked region and a non-masked 
region by partially covering the surface of a 

10 base substrate with a mask layer composed of 

a material substantially free from GaN group 
crystal growth, 

(b) growing a GaN group crystal layer until it 
covers the surface of the mask layer from the 

15 non-masked region as the starting point, 

(c) forming a laminate comprising a GaN group 
semiconductor light emitting element by grow- 
ing a GaN group semiconductor layer such that 
an active part of the element is formed in said 

20 GaN group crystal layer at a part having a low 

dislocation density, and 

(d) dividing said laminate into respective GaN 
group semiconductor light emitting elements. 

25 19. The method of claim 18, wherein the GaN group 
semiconductor light emitting element is a stripe 
laser, and the masked region has, as outer shape 
lines, two parallel straight lines extending in the <1- 
100> orientation or <11-20> orientation, the width 
30 between the two straight lines being the width of a 
stripe part in the GaN stripe laser, and the two 
straight lines extending in the longitudinal direction 
of the stripe part, which comprises the steps of 

35 (a) forming the stripe part of the GaN group 

stripe laser on the low dislocation density part 
above the masked region or non -masked 
region, in such a manner that the longitudinal 
direction thereof coincides with the direction of 
40 the low dislocation density part, 

(b) growing a GaN group semiconductor layer 
to form a laminate comprising the GaN group 
stripe laser, 

(c) dividing said laminate along the plane per- 
45 pendicular to the longitudinal direction of the 

stripe part as a parting plane, to give a resona- 
tor plane, and 

(d) dividing the laminate along the plane paral- 
lel to the longitudinal direction of the stripe part 

so as a parting plane into respective GaN stripe 

lasers. 
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